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THE  CALCIUM CONTENT  IN BONES AND TEETH  FROM 
NORMAL  AND THYMECTOMIZED  ALBINO RATS.* 
BY SERGIUS  MORGULIS, PI~.D., AND WILLIAM J.  GIES,  PH.D. 
(From the  Biochemical  Laboratory  of  Columbia University,  at  the  College of 
Physicians  and Surgeons,  New York.) 
This  paper  deals  with  the  proportions  of  calcium  in  the  bones 
and  teeth  from  rats  used by Dr.  Pappenheimer  in the  experiments 
described  in  the  preceding  paper?  After  the  conclusion  of  the 
autopsy by Dr.  Pappenheimer,  and the removal from the rat of any 
parts required by him, we took all the teeth and also the femurs and 
tibias  from  each  animal.  The  teeth  individually  were  carefully 
pulled out of place after the grip of the bones and membranes  that 
held them  had been broken by suitable paring  and  excision.  Each 
tooth was cleaned with filter paper.  Adherent muscle was cut from 
the leg bones, which were then  gently scraped  clean  with a  scalpel. 
After  free exposure  to  the  air,  for  prompt  desiccation  at  room 
temperature, the teeth and bones were separately crushed and pulver- 
ized  in a  deep porcelain  mortar.  When,  for any  reason,  we were 
unable  to  obtain  all  the  teeth  with  both the  femurs  and  the  tibias 
from  an  animal,  we used  these  materials  from  one  side  only,  and 
proceeded  on  a  5 °  per  cent.  basis,  in  this  way  preventing  any 
analytic  irregularities  that  might  have  resulted  from  the  use  of 
masses that were not anatomically equivalent in kind and proportion. 
After  the  pulverized  material  had  been  uniformly  mixed  and 
dried to constant weight at  IOO  °  to  IiO °  C., an accurately weighed 
portion  of  it,  practically  all  the material  in  each case,  was decom- 
posed in a  large Kjeldahl  digestion flask of Jena glass,  with a  mix- 
ture of equal parts of concentrated sulphuric and nitric acids  (Neu- 
mann's method).2  The clear, colorless, concentrated,  acid solution, 
freed from most of the mechanical excess of residual sulphuric acid, 
was then  diluted to  500  cubic centimeters  or one  liter,  and  kept  in 
tightly stoppered bottles.  Calcium  was determined  in duplicate  by 
* Received for publication, August IO, 1914. 
1 Pappenheimer, A. M., Jour. Exper. Med.,  I914, xx, 477. 
2 Thierfelder,  H.,  in  Hoppe-Seyler, F.,  Handbuch der  chemischen Analyse, 
8th edition, Berlin, 19o9  , 539. 
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McCrudden's  method s  in  IOO  cubic  centimeter  portions  of  each 
solution prepared in this way. 
We  are  indebted  to  Dr.  Pappenheimer  for  the  accompanying 
tabular statement of his data  (table I), in which he has inserted our 
percentage results for calcium in the water-flee bones and teeth. "* 
TABLE  I. 
Data Pertaining  to Albino Rats Described  in the Preceding  Paper. s 
Dura 
ion c 
xper 
melat 
a dy! 
I85 
Us  Complete 
U~  Control 
U*  Control 
X3  Incomplete 
X4  Complete 
X5  Control 
X,  Control 
¥~  Complete 
Y7  Control 
Y~  I  Control 
W, ' Complete (?) 
I 
W4 !  Control 
Zt  Incomplete 
Z4  Control 
50  Stock 
53  Stock 
55  Stock 
186 
97,3 
186 
185 
156 
156 
I51 
156 
15o 
168 
15o 
I92 
192 
166 
166 
Weighq 
at 
death, 
in gm.  Teeth. 
III.O 
I16.0 
152.0 
195.5 
ILO.5 
143.o 
18o.o 
85.0 
115.0 
~18.5 
240.0 
240.0 
145.0 
123.0 
Rachitic lesions.  Percentage  of 
calciumfi 
Bones. 
None  None 
None  None 
None  None 
Nolle 
None 
Moderate I 
Marked  I 
None  / 
Marked  / 
Moderate 
Moderate 
None 
None 
None 
None 
Marked 
90.0  Moderate 
75.0  Moderate 
Rat.  Thymectomy. 
Ut "  Complete 
None 
Slight 
Slight 
Marked 
Slight 
Moderate 
Moderate 
Moderate 
None 
None 
Very 
slight 
None 
Slight 
Marked 
Marked 
Bones.  Teeth. 
22.61  27.48 
24.O1  28.97 
23.16  27-93 
22.74  28.29 
2~.37  26.51 
20.89  I 28.61 
18.92 
22.84  2~.I2 
17.85  I 28.53 
23.14  27.09 
18.68  27.23 
24.40  28.3 I 
23.75  28.99 
22.29  28.43 
23.13  I 27-84 
23.41  26.44 
18.i 5  -- 
20.66  25.49 
Remarks. 
No  histological  ex- 
amination  of 
bones or teeth. 
No  histological  ex- 
amination  of 
bones or teeth. 
No  histological  ex- 
amination  of 
bones or teeth. 
Minute thymus IV. 
Series  of  neck  or- 
gans  incomplete. 
Inoculated  wit  h 
bone  marrow 
from  spontane- 
ously rachitic rat. 
Spontaneous  rachi- 
tis. 
Inoculated  w i t h 
bone  marrow 
from  spontane- 
ously rachitic rat. 
s McCrudden,  F.  H., Jour.  Biol.  Chem.,  1911, x,  I87.  Neuberg,  C.,  Der  Ham, 
sowie die  fibrigen Ausscheidungen und K6rperflfissigkeiten, Berlin,  1911,  i,  168. 
4 We  did  not  remove  the  lipins,  on  the  assumption  that  variations  in  their 
proportions could  not  be great  enough materially  to  affect  the  data  obtained  on 
a  water-free basis. 
5 Pappenheimer,  A.  M.,  loc.  cit. 
6 Calcium content is expressed as  calcium  (Ca),  not as  lime  (CaO). Sergius Morgulis and  William  J. Gies.  501 
Data  pertaining  to  average  percentage  amounts  of  calcium  in 
the water-free bones and teeth, classified for various groups of the 
rats,  are given in table II. 
TABLE  II. 
Data Pertaining to the Content of Calcium, in the Bones and Teeth, for Various 
Groups of the Rats Referred to in Table I. 
Groups of rats. 
I.  Non-rachitic and slightly rachitic .................... 
2.  Moderately rachitic and markedly rachitic ............ 
3-  Completely thymectomized (excluding W2)  7 ........... 
4.  Control and incompletely thymectomized  7  ............. 
5.  Rachitic (stock) ................................... 
Bones.  Teeth. 
Percentage of calcium. 
23.03  27-99 
20.2I  27.08 
21.34  28.40 
22.00  27.83 
20.74  25.96 
Tl~e  foregoing chemical data  agree,  in the main,  with  the cor- 
responding  histological  findings  reported  in  Dr.  Pappenheimer's 
paper.  Our  results  indicate that  the bones  and  teeth  of  the  rats 
which were  found by Dr.  Pappenheimer to be moderately rachitic 
and markedly rachitic, contained in general less calcium than those 
from the non-rachitic and  slightly rachitic  animals.  The  lack  of 
any  particular  trend  of  calcium  content  in  the  bones  and  teeth 
from the thymectomized  rats,  as shown by both the individual re- 
sults  in table  I  and  the group averages  in  table  II,  makes  it  im- 
possible  to  ascribe  to  thymectomy, in  these  animals,  any  special 
influence upon the processes of calcification in the bones and teeth 
subjected to analysis.  The validity of this  negative conclusion is 
emphasized  by  the  low  values  {or  calcium  content  in  the  bones 
and  teeth  from  the  unoperated  rachitic  (stock)  animals.  That 
such spontaneously rachitic rats happened to be amongthe number 
selected  for  Dr.  Pappenheimer's  experiments,  and  that  rachitic 
lesions observed in the thymectomized  animals were due to causes 
independent  of  thymectomy,  are  necessary, inferences  under  the 
circumstances.  It  is  possible,  of  course,  that  determinations  of 
phosphate content might have afforded indications of a  special in- 
fluence of thymectomy. 
7 Rat  W2  (table  I)  evidently belongs  to  group  4  in  this  table.  If  the  figures 
for the calcium content pertaining to  rat W_~ are  added  to those of group 4  in  this 
table, the average values  for  calcium  become 22.22 and 27.87 per cent., respectively. 502  Calcium  Content in Bones and Teeth  of Albino Rats. 
It  is  assumed by Dr.  Pappenheimer and  by us  that  the mixed 
food of the rats,  which was given in abundance and eaten freely, 
was ample in quantity, in quality, and in metabolic availability for 
the  maintenance of  the  processes  of  normal  calcification ,~n  each 
animal.  One cannot be certain of such an outcome in experiments 
of this kind, however, unless the animals are individually maintained 
under suitably controlled metabolic conditions on  diets  of definite 
composition, of known quan.tity, and of proved nutritional adequacy. 
We require also,  for correct interpretations of analytic data on cal- 
cification, more exact chemical knowledge of the variations  in the 
composition of the bones and teeth of normal albino rats of different 
ages  under given metabolic conditions.  It  is  our  intention to  in- 
vestigate in this laboratory, as a part of a plan of research in prog- 
ress,  the facts in these particular connections, with special reference 
to the possible  establishment of definite physiological standards on 
which further experimental work with albino rats may be conducted 
more accurately. 
The analyses reported in this  paper  were conducted during the 
progress of experiments by us on the influence of thyroparathyroi- 
dectomy on dentition in albino rats, under the auspices of the Dental 
Society of the State of New York.  In the execution of the analyses 
pertaining to that work, and also of those reported here, we have 
enjoyed the assistance of our associates, Dr. Alfred P. Lothrop and 
Mr.  William A.  Perlzweig. 